e T T —— -

UNC]LASS]I]FII]E]D

» 262 638

Repraduced
by the

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED




NOTICE: When government or other drawings, speci-
fications or other data are used for any ~urpose
other than in connection with a definitely related
government procuremert operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have forrmlated, furnished, or in any way
supplied the sald drawings, specifications, or other
data 1is not to be regarded by implication or other-
wise as in any mamner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any

patented invention that may in any way be related
thereto.




YT " iy TG

) } | &/~ -
§ Iy il XEROX

%} e ' :

b
.
==

P
H (8
. ?‘.H )

i‘ o jul ! h o Illlll'lnm

11 MEMORANDUM REPORT NO. 1353
#1 JUNE 1961

EXPERIMENTAL STUDY OF MAGNETIC EFFECTS
IN
11 STEEL UNDER EXPLOSIVE LOADING

Robert E. Franz | %P8 191

q Department of the Army Project No. 503-04-002
Ordnance Management Structure Code No. 5010.11.815

BALLISTIC RESEAR\,H LABORATORIES

.....

ABERDEEN‘ PROVING GROU.ND MARYLAND




ASTIA AVATILABILITY NOTICE

Qualified requestors may obtain coples of this report from ASTIA.




BALLISTIC RESEARCH LABORATORIES
MEMORANDUM REPORT NO. 1%53%

JUNE 1961

EXPERIMENTAL STUDY OF MAGNETIC EFFECTS
IN
STEEL UNDER EXPLOSIVE LOADING

Robert E. Franz

Terminel Ballistics Laboratory

Department of the Army Project No. 503-0k4-002
Ordnence Menagement Structure Code No. 5010.11.815

ABERDEEN PROVING GROUND, MARYYLAND




BALLISTIC RESEARCH LABORATORIES

MEMORANDUM REPORT NO. 1353%

REFranz/bjk
Aberdeen Proving Ground, Md.
June 1961

EXPERIMENTAY, STUDY OF MAGNETIC YFFECTS
I
STEEL UNDER EXPLOSIVE LOADING

&BSTRACT

A serle3 of experiments have beea performed in crder to study the
magnetic effects of pressvre waves provagated ip magnetized steed rods.
Typical cases are shown for @ifiereat values of magnetization., MNeaswre
ments of wave velocily were meds end & value of 5.936 < 0,092 mfis sec

obtalneds Correladlon of preggure levels with stabtie teshts was found g
ba poore




INTROLUCTION

X% is known that pressure waves propagated in mapnetized £icel or
fron cause magueiic changes in the material.l’a’B‘ Thie 1s not unerpceied
since stress 1s one of the major factors sffecting the megnetic propertics
of all ferromagnetic materials. Chenges in magnetization due to the
application of static tenslon or ecupression have long been knowa aad
measuredgh’s These changes are affected by several things which are
dlfflcult to econtrol, such &s the previous megnetic end metallurgical
treatment of the material. Divergent data may be found fozr similar
materials due to Just such differencess sc that in any experimental study
care must be taken to assure unlformity of the experimental materials.
The purpose of the experliments related in this report was to study the
changes in magneble fiux In steel rods which underwent explosive loading
and to correlate them with the stresses produced by such loading.

EXPERIMENTAL PROCEDURE

The explosive used was 50/50 pentolite cast in 3" long eylinders
1" in diameter. These were placed against amnealed 1030 carbon steel
eylinders of the same diameter and approximately 16" long. The steel
specimens were clamped in a scft iron yoke which had a coil wound on it
to provide an m, m. £. for magnetizing the specimen (Figure 1). This
gave a comparatively constant flux along the length of the specimen vhich
couldd be varled from low values to saturation.

Other tesis were made with a large solenoid. This made the steel
rods an open magnetle ¢lrcult with attendant demagnetizing effecis at the
ends and an appreciable lag Iin magnetization at rapld rates.

Search colls were placed around the specimen at various dlstances
from the explosive-metal interface. These consisted of § turns of No. 22
Formex wire wound on insulation tubing. The axial width of the coils
vas approximately 1 mm. Flux density measurements were made uslng a
CGeneral Electric Company fluxmeter and the colls were subsequently conneeted
t9 a number of ¢s5¢illoscopes whiech were trlggered at peasured time intervals:




The initial trigger was provided by & pair of Ingulated wires twisted
together and placed u% the explosive-metal interface. These shorted as
the detonatlon front passed and a simple elecetronic eivcult started o
iyme deiay genetato® which in twn triggered the oseilloscope sweeping
civentts, Oselllograms were taken on Polarcid Leatera Slide Filan on
which Ziming marks were pleced previous to firing.

RESUITS

Tigure 2 shows typical oscillograms obtaiped in this menner at 10.8
gvd 22.8 cn. down the rod from the explosive end at different initial flux
Qensities. PYositive golng signals are caused vy a deeresse in magnetle

1at. An Inerease in the Initial magnetization of the specimen causes en
irnergase In pulse belght which then decreases with a further inercase in
the magnetization. When & critical value is reached (approximately 1k
kilogauss) the signals reverse sign showing en increase of flux in the rod.
The behavior closely resembles what is called the Villari Reversal.u That
is, a depression of the magnetization curve of iron by pressure at low
initial flux depnsities and an increase in msgnetization at high flux den-
sities with a crossover at around the knee of the magnetlization curve

(13 14 kilogauss), hence the name Reversal. Figure 3 shows the first
voltage peak plotted against initial flux deasity. In most cases three
main pulses are obtained. Their time spacing is approximately constant,
being at a frequency of about 200 kilocycles.

Figure 4 shows some oscillograms obtained using the large solenoid.
These shots were used to measure the veloeity of the pressure wave in the
rodse This was found to be 5.93%6 ¥ 0.002 mn/p seec. which is close to the
veloeity measured ultrasonically at 10 megacycles (5.96 mm/pn see).

In order to correlate changes in magnetization and pressure levels in
the steel that was used, statle loading tests were performed end pressure
versus change in magnetizatlon measured. This relatlonship is essentlally
Qincar for a given Initial flux density and dlemeter of rod. Figure § shows
the results of these $ests with & 1" diameter rod. Figure 6 shows the
sesults at given initial Plu¥ and different dlamcters.

6 ®




CONCIVSIONS

It can be seen from the equation for electromagnetle induciics that
the pressure should be proportional to the integral of the iastantanegus
voltege induced in the search coil 1f eddy currents and hysteresis loss
are neglested; thus:

6

e = -Nad x 10° “volts;

dt

25 uWip
4% O

Tetting &b ) O and taking limits,

45 -kdp 3
at dat
then e = -Nk dp x .10'8
dt
8
and P =-20" edt,
XN

vhere & = fluxX in Maxwells
% = time in seconds
N = number of turns on search coll
P = pressure in psi
k = coefflcient of pressure in ma:mells/psi.

Pressure profiles were calgulated by integration of the signals obltained
from the search coils., These values of presswre turn out to be extremely low
at dlstances 10.8 em & 22.8 cm dowa the rod, reaching a maximm of only 5-6
thousand psi, as compared to values of pressure obtalned by pin measurements
at the same points, 2Pin measurements indicate pressures almost 10 times the
magnlktude of those calculated from magnetle effectss It 4s Intevesting to
note that the magnetic measurements sre econsistent within themselves since,
&b different initlal flux densities the pressures deduced are spproximately

LEY




the sumg. Pigure 7 shovs the Cuwrves obtained with the oscillograms of
Figure 2, Flgure 8 showa the resulis from two different dlsmeter rods.
It stonld be pointed cut that tha doteils of the calenlated vressure-tine
gurves gre preserved for different initlal {luwx densities although no
axplanation of this tehavior can be given. The presswyes obtalned by the
magnetie €lux method are probably most sexiously affected by eddy euryent
losses in the stesl, magneilc viscosity effecte, end to a lesser degre:s
by hysteresis effects.

ROBERT E. FRANZ
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PRESSURE = PSI x 10°
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